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Higgs pair production is studied in the extension of the Standard Model by color octet scalar and 
vector particles in TeV mass range for the LHC. The relevant parameters are their masses and portal 
couplings to the Higgs boson. The rate is enhanced considerably in some parts of the parameter 
space compared to the SM which are allowed by the latest measured bounds on the Higgs decay to 
ZZ*. The model will be tested experimentally at the upcoming LHC run. 


I. INTRODUCTION 

The discovery of the Higgs boson sets the stage for the next experimental quests including the nature and the 
origin of electroweak symmetry breaking [I.. The Higgs self coupling is the measure of the electroweak symmetry 
breaking (EWSB) in the Standard Model (SM) and can be probed experimentally by Higgs pair production 
processes la E]. Their rate is, however, predicted to be quite small in the SM, making the experimental 
measurements very challenging. For example, the Higgs pair production rate at the LHC is estimated to be 
30~40 fb for the 14 TeV run, thus requires very high luminosity of 3 ab _1 for 3 a evidence [4]. This is chiefly 
due to the cancellation between the triangle and box top quark loop diagrams. On the other hand, any new 
particle with a substantial coupling to the SM Higgs can easily offset this and the enhancement of the rate can 
be sometimes up to few orders of magnitude [5]. Any colored particle is interesting in their own right as it 
can be created at the LHC via strong interactions. For different motivations and in variety of contexts color 
octets and triplets have been studied extensively in the past. One of the most recurring motivation is that they 
may play a potentially important role in the evolution of the early Universe. Often times new fields, especially 
colored particles are needed for sufficiently strong electroweak phase transition, in the framework of electroweak 
baryogenesis. 

In this report we present a simple extension of the SM by two color octet fields, scalar and vector, which have 
sizable portal couplings to the Higgs doublet. Instead of assigning particular charges we take two cases: both 
are real and both are complex. 


II. THE EFFECT OF VECTOR AND SCALAR FIELDS ON HIGGS PAIR PRODUCTION 

Scalar colored particles with portal couplings to Higgs have been considered in a number of studies. Their 
effect on Higgs pair production can be quite large especially for a negative portal couplings. When there is 
only one such particle it is nearly impossible to have any appreciable effect while maintaining a good agreement 
with the experimentally allowed range for Higgs decay to diphoton and ZZ* channels. Now only possibility 
remains is to have a large corrections of roughly twice the SM contributions to diphoton amplitude but with 
opposite in sign. With low mass regions are being excluded by the accumulating data at the LHC one is forced 
to choose higher mass at the same time with stronger couplings. This quickly makes the vacuum unstable, 
therefore physically unacceptable. The situation is more relaxed if there are more than one colored particles as 
they open up more possibilities. In the present talk we consider a Lorentz vector and scalar particles in octet 
representation. For the sake of not making the graphs too cumbersome we plot the latest constraint on such 
particles from h -A ZZ* channel from ATLAS and CMS. Depending on charge assignments h — > 77 can be 
accommodated. Due to space constraint we give two different cases here out of three we have presented at the 
symposium. These are both vector and scalar are either complex or real. The leading production mechanism 
for the Higgs pair production at the LHC is the gluon-gluon fusion. There are two non interfering amplitudes 
belonging to the same and opposite helicity initial gluons. The first one receives contributions from both the 
triangle and box diagrams while the latter does only from the box diagrams. In the SM, the triangle and box 
diagrams exactly cancel at the threshold energy of two Higgs production. This balance is altered whenever 
there is a new particle. The relevant portal interactions are given as follows 

c = C SM + C(S, V) km + £(S, V) int - Xs\S\ 2 \H \ 2 + \ v V^*\H \ 2 (1) 

for real octets and these terms should be replaced by — ^fS 2 \H\ 2 + Xf-V^V^lH] 2 for the complex case. The 
other terms are represent the SM part, the kinetic terms for the new particles and their interactions that do not 
include the SM particles respectively. The expressions for fermion and scalar contributions are well known and 
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can be found elsewhere [2]. As for the vector contribution we take the following expression given in Ref 0 - Ftri > 
F box are the amplitudes for Here m and rri b: are the masses of the vector particle in the loop and Higgs, A„ (A s ) 
is the portal coupling of the vector (scalar) to Higgs. C v is the Dynkin index. It is 3 ( 6 ) for real (complex) 
color octet. The functions C ab , D abc etc are the two and three point Passarino-Veltman loop functions. 


F t v ri = ( 1 + 3m/l , ] CvXv 2 l (8 sCab + ( 6 m 2 + ml) (l + 2 m 2 C ab )) , 
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The calculations and scanning are done by Madgraph 5 [Sj, where we have implemented these amplitudes in 
addition to that of the top quark and colored scalar. The results from scanning over the masses of the vector 
and scalars are shown in the first three graphs in Fig. |T] and [ 2 ] The values for the portal couplings X v and 
A s are chosen to be (1.5, 1.5), (1.5, 0.5) and (0.5, 1.0) respectively for these scans. As for the scanning over 
the portal couplings we chose the masses of the vector and scalars to be my = 700 GeV and ms = 300 GeV 
respectively. The corresponding results are shown in the fourth graphs of Fig. |T] and [2] The scans are done 
for ,/s = 8 TeV (13 TeV) run and corresponding results are shown by black solid ( dashed) lines with then- 
enhancements compared to the SM. We also superimposed the bounds from the latest h —> ZZ* for CMS 
(ATLAS) result which is shown in solid ( dashed) blue lines. The red line indicates the points which give the 
same results as the SM. 

For h —► 77 the dominant contribution comes from the W loop whose loop function is roughly 20 times larger 
than that of the scalar. This large loop function makes the octet vector contribution dominant for comparable 
masses and couplings. Also it has opposite sign compared to the scalar. For most of the plots we have two 
allowed regions. In the graphs from the mass scan, the upper allowed regions belong to the case where the 
contributions from the vector and scalars roughly cancel out while the lower regions belong to the case where 
large negative contribution from lighter vector octet completely dominates over others and the total result 
happens to end up being equal to the SM case. The latter case also appears as the upper allowed region for the 
graphs from the coupling scan and vice versa. The generic feature of the graphs can be easily understood in the 
following manner. For the low mass of the vector we sea roughly parallel curves (this is especially clear on the 
second plot of Fig. [I]). Since these are the cases for the vector particle domination the results hardly depend on 
the scalar mass. As for the higher masses of the vector and lower masses of the scalar we also see very small 
dependency on the vector mass as it should. As for the coupling scans the particular choice we made for the 
masses we see the enhancements are essentially determined by the value of the vector mass. 

In both cases we see sizable enhancement in the Higgs pair productions in some parts of the parameter space 
that are still allowed by the latest h —> ZZ* measurements. The enhancements are especially pronounced for 
the complex vectors and scalars due to the larger Dynken index. As these particles are searched at the LHC a 
possibility of the scenario presented here will be tested or ruled out. 


III. CONCLUSION 

In this talk we present a partial result of ongoing project where we study the Higgs pair production due to 
color octet particles with spin zero and one. The cross-section compared the SM is calculated scanning over the 
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FIG. 1: The Higgs pair production rate compared to the SM in the presence of color octet, real scalar and vector particles. 
The first three are scan over the masses of these particles. The black solid ( dashed) lines are for the yfs = 8 TeV (13 TeV) 
run and their are labeled by the enhancement factors over the SM. The solid ( dashed) blue lines are the bounds from 
h —>• ZZ* for CMS (ATLAS) and the shaded regions are excluded. The last graph is the scan over the couplings. 


masses of these particles as well as their portal couplings to the Higgs doublet for fixed masses. The change in 
the rate can be an order of magnitude or even larger compared to the SM case. 
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FIG. 2: The same as Fig. [l] in the case of complex scalar and vector particles. 
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